The extended finite element method (XFEM), also known as the generalized finite element method (GFEM), has been a popular area of research since the late 1990s, as evidenced by high volumes of journal publications, organized minisymposiums in leading conferences, and special workshops and conferences dedicated to this field. The key idea of XFEM/GFEM is to locally enrich the standard finite element approximation space with local enrichment functions which are chosen according to the physics of the problem at hand. For fracture problems that involve cracks, dislocations, and other types of strong discontinuities, it provides two main advantages over conventional finite element methods. That is (i) accurate fields in the vicinity of the discontinuities and (ii) mesh independence with respect to the modeling and propagation of discontinuities. Thus this class of methods offers unprecedented flexibility in fracture mechanics, addressing many shortcomings and limitations of the classical FEM.
Gupta et al. develop two-scale, global-local enrichment functions for GFEM modeling of fractures involving confined plasticity in three dimensions. The enrichment functions employed are computed numerically by solving fine-scale boundary value problems defined around the localized regions undergoing plastic deformations. The authors show that their approach provides accurate nonlinear solutions with reduced computational costs compared to standard finite element methods.
Chevaugeon et al. focuse on two improvements of the X-FEM method in the context of linear fracture mechanics. The first is a new enrichment strategy, replacing the traditional enrichment function, and the second discusses the integration of the stiffness operator when singular functions such as their proposed functions are used. They demonstrate the efficiency of their method by studying convergence of straight and curved crack problems.
Finally, Waisman and Berger-Vergiat describe a domain decomposition algorithm to solve crack propagation problems which are modeled with XFEM. While brute force application of an algebraic multigrid (AMG) on systems arising from XFEM will often lead to poor convergence, the domain decomposition methodology enables any black-box AMG solver to be applied. The authors consider multiple propagating cracks and develop an algorithm that adaptively updates the subdomains. They show convergence rates that are significantly better than a brute force application of AMG to the entire domain.
Despite the increased research activity in the past few years, extended/generalized finite element methods for fracture problems is likely to remain a fertile field of study in the future. I thank all the authors for their valuable contributions to this special issue, and the referees who have reviewed the manuscripts on such short notice.
